Then CsI, predissolved as a 1.5 M stock solution in DMSO, was added to the mixed perovskite precursor to achieve the desired triple cation composition.
The perovskite solution was spin coated in a two steps program at 1000 and 6000 rpm for 10 and 20 s respectively. During the second step, 100 μL of chlorobenzene was poured on the spinning substrate 5 s prior to the end of the program. Films with Cs-containing perovskite turned dark immediately after spin coating. The substrates were then annealed (usually at 100 °C) for 1 h in a nitrogen filled glove box.
Hole transporting layer and top electrode
After the perovskite annealing, the substrates were cooled down for few minutes and a spiroOMeTAD (Merck) solution (70 mM in chlorobenzene) was spin coated at 4000 rpm for 20 s. Finally, 70-80 nm of gold top electrode was thermally evaporated under high vacuum.
Photovoltaic device testing
The solar cells were measured using a 450 W xenon light source (Oriel). The spectral mismatch between AM1.5G and the simulated illumination was reduced by the use of a Schott K113
Tempax filter (Präzisions Glas & Optik GmbH). The light intensity was calibrated with a Si photodiode equipped with an IR-cutoff filter (KG3, Schott), and it was recorded during each measurement. Current-voltage characteristics of the cells were obtained by applying an external voltage bias while measuring the current response with a digital source meter (Keithley 2400). The usual voltage scan rate was at 10 mV s -1 (slow) and no device preconditioning, such as light soaking or forward voltage bias applied for long time, was applied before starting the measurement. The starting voltage was determined as the potential at which the cells furnishes 1 mA in forward bias, no equilibration time was used.
The cells were masked with a black metal mask (0.16 cm 2 ) to fix the active area and reduce the influence of the scattered light. The photocurrent density was scaled to 1000 W/m 2 .
Aging under maximum power point tracking was carried out on masked devices which were mounted on a temperature controlled plate. The aging was performed under nitrogen atmosphere and 1-sun equivalent illumination provided by an array of white LEDs. The devices were aged by means of keeping them under maximum load under illumination. The maximum power point was updated every 60 s by measuring the current response to a small perturbation in potential. Additionally, a full JV scan was taken every 15 min (at a scan rate of 100 mV s -1 starting from forward bias) which was used to extract the displayed parameters for the aging data.
UV-vis measurements were performed on a Varian Cary 5.
Scanning electron microscopy (SEM) was performed on a ZEISS Merlin HR-SEM. Supplementary Note 1
X-ray powder diffractions
In Fig. S2 , we present XRD data with Cs0M and Cs10M films at different times during the 130 °C aging procedure. As stated in the manuscript the Cs-containing films degrade less quickly than the non-Cs films. In order to relate our result with this finding, we investigated the less bromine containing Cs0.10FA0.90Pb(I0.83Br0.17)3, which is the MA-free version of our champion recipe. In Fig. S3 , the XRD data reveals that after 4 h at 130 °C, the films start to degrade severely with the clear presence of a PbI2 peak. The data agrees well with the fact that the addition of Br stabilizes perovskite films as reported by Misra et al. who show that MAPbI3 degrades rapidly under 100 suns and elevated temperature whereas MAPbBr3 remains stable when treated under these accelerated aging conditions. 4 This is explained with the stronger and shorter Pb-Br bond as compared to Pb-I (due to Br being more electronegative than I). This is also consistent with the data presented by Seok and co-workers who show that MAPb(I1-xBrx)3 perovskites are significantly more stable against humidity with increasing Br content. 5 Therefore we conclude that Cs increases the thermal stability for a fixed halide ratio and also note that an increased Br content improves the thermal stability irrespective of the cation. Table S1 . The voltage scan rate for all scans was 10 mV s -1 and no device preconditioning, such as light soaking or forward voltage bias applied for a long time, was applied before starting the measurement.applied for a long time, was applied before starting the measurement. With three cations present, the parameter space for possible compositions is increased accordingly (especially considering that the halide ratio could be tuned as well). Thus, we look at compositions of the smaller cations, Cs and MA, and their influence on a fixed FA ratio. Consequently, the compositions are of the form AxFA(1-x)Pb(Br0.17I0.83)3 where A = CsyMA(100-y). As a first example, we investigated theCs10M composition where the ratio of Cs:MA:FA is ~10:15:75, i.e. in the above formalism x = 25% and y = 10%. Varying the ratio of Cs:MA with respect to FA helps improving the interplay of the three cations. In Fig. S5 and Table S2 , we show a series with a fixed x = 25% where y is varied from 0 (no Cs) to 25% (no MA). We can already observe that the pure MA/FA ratio does not work well for these compositions (with relatively low current densities and fill factors) which is in good agreement with the fact that the optimum for this composition was found to be at ratios of MA:FA of 17:83 instead of 25:75. However, the Cs/FA compound (y = 25%) does not perform significantly better (with higher current densities that are counteracted by lowered voltages). The optimum of this series is at y = 15% where both Cs and MA is present (which coincides closely with the Cs10M composition). Here, the fill factor shows improvement (0.75) and the overall PCE is close to 17% showing that the presence of both Cs and MA is highly relevant. We speculate that the small size of Cs is particular effective at tuning the tolerance factor such that a black phase of FA is stabilized at room temperature. MA, on the other hand, slows down the crystallisation process, which is important for growing defectfree films. In addition, the MA lowers the size discrepancy between Cs and the effective MA/FA cation, which could otherwise lead to a large lattice mismatch. Thus, fine-tuning the ratio of Cs/MA serves to supress the yellow phase of FA perovskite and get defect-free films.
We ascribe this effect to the suppression of yellow phase impurities which, even in small amounts, can hamper charge transport and extraction due to the different energy levels with the black phase perovskite (acting effectively as recombination centres). This is consistent with the device performance where Cs5M is outperforming Cs0M due to significantly higher short circuit current and an exceptionally high fill factor of ~0.8, which is a value rarely reached even for the highest performing perovskite solar cells. Table S2 . The voltage scan rate for all scans was 10 mV s -1 and no device preconditioning, such as light soaking or forward voltage bias applied for a long time, was applied before starting the measurement. Table S4 Open-circuit voltage (Voc), short circuit current-density (Jsc), fill factor (FF) and power conversion efficiency (PCE) of the best performing Cs 5M in Fig. 5a . The curves were recorded at a scan rate of 10 mV s −1 from forward bias (FB) to the short circuit condition (SC), and the other way around. Devices were masked with a metal aperture of 0.16 cm 2 to define the active area. No device preconditioning, such as light soaking or forward voltage bias applied for long time, was applied before starting the measurement. Table S5 . The short circuit current is in agreement with the EQE measurement in Fig S7. (b) High performing Cs5M device. The scan from forward bias to short circuit gives 20.6% and the reverse scan shows 19.5%. The full hysteresis loop parameters are reported in Table S6 . The inset shows the power output under maximum power point tracking for 60 s, starting from forward bias and resulting in a stabilized power output of 20% (reached at 900 mV). The maximum power point was updated every 60 s by measuring the current response to a small perturbation in potential. A JV scan was taken periodically to extract the device parameters. This aging test resembles sealed devices under realistic operational conditions (as opposed to "shelf stability" of devices kept in a dry atmosphere in the dark). The red curve for the PCE is a biexponential fit as reported in Table S7 . The long-lived component (t2*ln2) is 5032 h which is one of the most promising stability values reported for high efficiency perovskite solar cells. Table S7 Fitting parameters of the PCE curve in Fig. S8 for a biexponential equation of the form y = A1*exp(-x/t1) + A2*exp(-x/t2) + y0. Fast half-life constant = t1*ln2 = 1.2 h Slow half-life constant = t2*ln2 = 5032 h
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Fig. S10 Device parameters for long-term aging for 3 different high performing Cs0M control devices in nitrogen atmosphere at room temperature under constant illumination and maximum power point tracking. This aging test resembles sealed devices under realistic operational conditions (as opposed to "shelf stability" of devices kept in a dry atmosphere in the dark). The current decreases significantly for all three control devices.
